Common bile duct stones are a relatively common occurrence and can often lead to devastating complications. Endoscopic retrograde cholangiopancreatography was introduced in the 1970s for management of common bile duct stones. Most common bile duct stones can be removed with simple techniques such as endoscopic sphincterotomy and balloon trawling. However, large bile duct stones continue to pose some difficulty in achieving complete extraction. In this article, we will review some of the established techniques such as the use of endoscopic papillary large balloon dilatation, mechanical lithotripsy, and cholangioscopy-assisted techniques. We will look at the recent literature to help clarify the particular methods and answer some of the questions surrounding these methods.
INTRODUCTION
G ALLSTONES REMAIN A worldwide clinical problem affecting most populations and ethnicities with an incidence of 15-20% in the West and 10% among Asians. 1 Of these, 5-15% of patients will go on to develop bile duct calculi. 2, 3 A clear distinction is drawn here from intrahepatic stones, seen commonly in South-East Asia, Taiwan, and Hong Kong. In this instance, the relative prevalence of bile duct and intrahepatic stones can be as high as 70%. 4 Complications of common bile duct (CBD) stones are potentially life-threatening and include pain, partial or complete biliary obstruction leading to obstructive jaundice, cholangitis, hepatic abscesses, pancreatitis and secondary biliary cirrhosis. 5 The growing recognition of these serious biliary complications has led to an exponential growth in endoscopic strategies for treatment. Key to this area would be endoscopic retrograde cholangiopancreatography (ERCP) which was first introduced in 1974. 6, 7 Most biliary stones can be removed by standard techniques with ERCP such as endoscopic sphincterotomy (ES) and extraction balloon trawl (BT). However, 10-15% of stones may be too large to be extracted by such standard techniques. 8 Biliary ES cutting is carried out towards the 11-12 o'clock direction and the size of the cut is dependent on many factors. 9 However, the cut should not extend beyond the superior margin of the papillary bulge (Fig. 1) .
The present review highlights key concerns of difficult bile duct stones and focuses on currently accepted endoscopic treatment strategies. We start the discussion with a proposal for definition and nomenclature, which then triggers the need for advanced endoscopic techniques. We will focus on the main strategies such as mechanical lithotripsy (ML), endoscopic papillary (large) balloon dilatation (EPLBD) and cholangioscopy-related techniques. Other treatment strategies will also be briefly mentioned.
NOMENCLATURE AND DEFINITION
C URRENTLY, THERE IS no accepted definition of large bile duct stones and, in the authors' experience, cross-sectional size and shape (cuboidal stones being harder to remove than spherical) and their relation to the diameter of the distal common bile duct is often more important than the longitudinal (parallel to the CBD) length. Typically, stones larger than 15 mm have been shown to contribute to an increased difficulty of stone extraction. 10 Large stones with a diameter of greater than 20 mm usually need to be fragmented before extraction. It is worth noting that the term "difficult stone" can mean a large stone size, or a multitude of other factors such as intrahepatic, barrel-shaped, impacted stones or the presence of another comorbidity. Strictures below a stone may also affect the ability to extract these CBD stones. Some authors have suggested that any definition of a large CBD stone should include a relation to the lower CBD diameter to enable a relative comparison. 11 Hence, we would like to propose a definition of large CBD stone as >15 mm with a stone to CBD ratio of >1.0. 10, 12 MECHANICAL LITHOTRIPSY M ECHANICAL LITHOTRIPSY FOR biliary stones was first introduced in 1982. 13 A basket is introduced either over the wire or without wire into the CBD followed by maneuvering the open basket such that the stone sits firmly within it. A study comparing two techniques of opening the basket showed that opening below the stone gave a 94% chance of capturing the stone. The success rate was reduced to 33% if the basket was opened above the calculus.
14 Hence, it would be advisable to place the ML below the stone and gently open the basket such that the stone is captured. In difficult-to-capture CBD calculi, various maneuvers such as removal of the guidewire and rotation of the basket may allow for the stone to be captured within the basket. The basket is slowly closed by advancing the metal sheath closer to the basket. The ratchet on the handle is then turned until the stone is fragmented between the basket and the metal sheath. Modern ML have a high breaking threshold and will usually fragment the stones successfully. Occasionally, the basket wires may break, or the wires may detach at the handle, requiring an emergency ML. This involves removing the handle and scope followed by placement of the emergency ML sheath and handle on the existing ML wire. The handle is then tightened, and the stone is usually crushed. If the emergency ML kit is not available or fails, then other options can be attempted such as surgery, extracorporeal shock-wave lithotripsy (ESWL), rat-tooth forceps for removal of wires, extended ES, awaiting spontaneous passage of basket, endoscopic pulsed dye laser, or transhepatic lithotripsy. [15] [16] [17] [18] [19] Another option is to remove the handle and scope followed by reinsertion of the duodenoscope and use of cholangioscopy-guided electrohydraulic or laser lithotripsy together with "alligator forceps" removal of the basket. Some case reports and the authors' experience suggest that a combination of emergency ML and cholangioscopy with electrohydraulic lithotripsy (EHL) or laser lithotripsy may decrease the risk of emergency surgery as a result of impacted basket (Video S1). [20] [21] [22] In situations where the stone is too hard to be crushed, safe dislodgement of the stone out of the basket is important to allow for other therapies. Our preferred technique is to open the basket at the widest part of the CBD and flush saline into the ML injection port while agitating or rotating the basket such that the stone drops out of the basket.
In a retrospective study of 162 consecutive patients who underwent ML, it was safe and effective for removal of CBD stones with a morbidity rate of 1.8% and 84% stone clearance. 23 In this study, cumulative probability of bile duct clearance ranged from >90% for stones with a diameter <10 mm to 68% for those greater than 28 mm in diameter (P < 0.02). However, a study by Garg et al. involving 87 patients requiring ML found it to be effective in 79% of cases, the only significant factor that predicted failure of mechanical lithotripsy was stone impaction in the bile duct. 24 Chang et al. retrospectively reviewed 304 cases that used ML for difficult bile duct stones. 25 They too reported a stone clearance rate of 90%, but 22% of the successful stone removal cases required multiple sessions. Overall, the data suggest that stone size may not be as important as the relative size of the distal bile duct for successful use of ML.
A study of 60 patients with difficult bile duct stones treated with ML showed that initial plastic biliary stenting followed by repeat ERCP and ML led to ERCP which were less time-consuming, and durability of the basket was better in comparison to lithotripsy without stenting. 26 Friability of stone increased after stenting, and it was easy to break the calculus after preliminary stenting.
In a multicenter study of 712 biliary and pancreatic ML cases, complication rates of up to 3.6% were noted in biliary ML, 27 the most common being trapped or broken baskets (1.7%), wire fracture (1.2%), broken handle (1.1%) and perforation/ductal injury (0.5%).
Predictors for failure of stone extraction were retrospectively reviewed by Lee et al. for 134 patients who underwent ML. 12 Endoscopic mechanical lithotripsy was successful in 102 patients (76.1%). Stone impaction, size (≥30 mm), and stone size to bile duct diameter ratio (>1.0) were significant predictors of endoscopic mechanical lithotripsy failure, with estimated odds ratios of 17.83, 4.32 and 5.47, respectively. There was no difference in complication rates between the successful and failed mechanical lithotripsy groups. When mechanical lithotripsy failed, all patients were successfully treated using various modalities, including surgery, without mortality.
ENDOSCOPIC PAPILLARY LARGE BALLOON DILATION
E NDOSCOPIC PAPILLARY BALLOON dilation was introduced as an alternative to endoscopic sphincterotomy for removal of bile duct stones in the 1980s. 28 It is currently a widely used and simple technique whereby a large dilatation balloon is placed over the wire into the biliary orifice, and sequential dilatation is carried out of the papilla until the desired size is obtained. Common questions asked about EPLBD include the following: Is complete ES as good as EPLBD? Should there be a prior ES? Should the size of the dilatation diameter be dependent on the size of the stone or the size of the distal bile duct? and How long should the balloon be inflated for dilatation?
Previously, a prior ES was thought to be preferred for an EPLBD as there was thought to be a reduced risk of pancreatitis. However, a recent international consensus on EPLBD has suggested that EPLBD can be used to dilate the biliary orifice with a large-diameter balloon (≥12 mm) and can be done with or without ES. 29 Studies comparing ES versus ES plus EPLBD have shown a reduced need for excessively large ES, lower usage of mechanical lithotripsy and lower cost of hospitalization. In addition, there are a number of accepted contraindications to EPLBD including biliary strictures and malignancy. 5, 30 Karsenti et al. compared complete ES versus complete ES with EPLBD. 31 Stone clearance was 74% in the ES-only group whereas ES + EPLBD was 96%. ML was used in 35% of the ES-only group, and in only 3.9% of the ES + EPLBD group. There was no difference in morbidity in either group.
A meta-analysis comparing EPLBD versus ES looked at three randomized controlled trials (RCT) with 496 cases from which pooled data showed no significant difference in adverse events. 32 Balloon dilatation size varied from 12 mm to 20 mm, and stone or CBD size was greater than 12 mm. The study concluded that EPLBD and ES have similar efficacy and safety for bile duct stones clearance. With larger stones, EPLBD can reduce the requirement for mechanical lithotripsy.
Another metaÀanalysis of EPLBD after ES compared with ES alone included six RCT involving 835 patients. 33 Results of this meta-analysis found that EPLBD after ES caused fewer overall complications than ES alone (OR 0.53, 95% CI 0.33-0.85, P = 0.008), a significantly lower risk of
perforation (OR 0.14, 95% CI 0.20-0.98, P = 0.05) and significantly less need for mechanical lithotripsy (OR 0.26, 95% CI 0.08-0.82, P = 0.02), particularly in patients with a stone size of >15 mm in diameter (OR 0.15, 95% CI 0.03-0.68, P = 0.01). There was no significant difference between the two groups regarding complete stone removal, stone removal in the first session, postÀERCP pancreatitis, bleeding, infection of the biliary tract or procedure time.
A retrospective study consisting of 128 patients undergoing EPLBD without prior ES for large CBD stones showed a high rate of stone clearance of 94.5%, 14.1% use of mechanical lithotripsy and a low incidence of pancreatitis (0.8%). 34 Interestingly, the study only carried out EPLBD when the distal CBD was 12 mm or greater in diameter for stones 10 mm or greater. Balloon size was a minimum of 12 mm. Rate of stone recurrence was 13.1% and the median time to recurrence was 600 days with 64.3% of recurrence within the first 2 years. Recurrence tended to be more frequent in patients with a large CBD diameter and in patients requiring multiple endoscopic sessions for complete CBD stone retrieval.
Previously, one of the limiting factors for EPLBD was thought to be the size of the distal CBD. A narrow distal CBD was thought to increase complications. However, a recent retrospective study reviewing 209 patients who underwent an EPLBD showed that 72.7% did not have a dilated distal bile duct. There did not appear to be an overall difference in success rates, use of mechanical lithotripsy or complications. 35 Longer duration (5 min vs 1 min) of dilatation has been shown to reduce rates of pancreatitis and have a better efficacy of stone removal. 36, 37 This prospective randomized trial looked at 170 consecutive patients with CBD stones. One group underwent EPLBD for 1 min and the other for 5 min. Failed stone extraction with EPLBD alone was less frequent with 5-min EPLBD (6 of 84, 7.1%) than with 1-min EPLBD (17 of 86, 19.8%), with a relative risk (RR) of 0.36 (P = 0.024). The risk of pancreatitis was also lower with 5-min EPLBD (4 of 84, 4.8%) than with 1-min EPLBD (13 of 86, 15.1%), with an RR of 0.32 (P = 0.038).
EPLBD-related complications vary between 0% and 17%, and perforation seems to be the most serious adverse outcome. Distal CBD stricture is an independent risk factor for perforation and is considered a relative contraindication for EPLBD.
CHOLANGIOSCOPY
T HE ADVENT OF single-operator catheter-based cholangioscopy in the last decade by the introduction of the Spyglass Direct Visualization System (DVS; Boston Scientific, Natick, MA, USA) led to more widespread use of cholangioscopy. However, because of less than optimal image quality and fragility of the device, initial enthusiasm for its routine use did not last. A new version of this catheter-based system with improved digital image has now been released (Spyglass DS Boston Scientific). The old fiberoptic image is replaced by an improved digital image. It can be set up easily as a result of its "plug and play" system. There is also a 1.2-mm accessory channel and a suction port.
Peroral cholangioscopy (POC) is a useful tool in the diagnosis and management of biliary tree abnormalities. It is usually carried out in one of three ways during an ERCP:
1 Dual operator with mother-baby scope requiring one operator to handle the duodenoscope and another to handle the cholangioscope. 2 Single-operator cholangioscopy (Spyglass Direct Visualization DS Boston Scientific) with the cholangioscope attached to the duodenoscope to allow one operator to manage control of both scopes. 3 Direct cholangioscopy with an ultraslim endoscope.
An EHL probe which is made of a coaxial bipolar device is passed into the working channel of the cholangioscope. When using the mother-baby system, the probe may get impacted at the acute angle from the duodenoscope into the bile duct. In this situation, relaxation of the duodenoscope elevator may be all that is required to get the EHL probe to advance to the cholangioscope tip. However, if this fails, then either withdrawing the cholangioscope or advancement further into the bile duct followed by gentle advancement of the EHL probe is sufficient. When a charge is applied, sparks generated underwater produce high-frequency hydraulic pressure waves. The energy is absorbed by stones and results in their disintegration. Continuous saline irrigation is required to provide a media for shock-wave energy transmission. The best option is for the procedure to be carried out under direct cholangioscopy to avoid application of shock waves directly on the duct wall which can lead to bleeding or perforation. Vision is maintained by saline irrigation, and there is also a suction port which allows for clearance of debris obscuring the cholangioscope.
In laser lithotripsy (LL), laser light at a particular wavelength is focused on the surface of the stone to induce a wave-mediated fragmentation. The first successful use of pulsed laser for shock-wave lithotripsy of bile duct stones was reported in 1986. 38 Since then, the technology has evolved and other laser types such as neodymium : yttriumaluminum-garnet (Nd : YAG), ash lamp-pulsed dye (coumarin), flash lamp-pulsed dye (rhodamine) with automatic stone recognition system, and the new frequency-doubled double-pulse Nd : YAG (FREDDY) system have been introduced. 39 LL is typically carried out perorally under cholangioscopic vision. As with EHL, LL under direct visualization using a cholangioscope is often preferred to avoid damage to the ductal wall.
Peroral cholangioscopy and either EHL or laser lithotripsy are gaining popularity for the management of large stone disease because it offers direct visualization of the stone during therapy to fragment it. In a recent meta-analysis including 31 studies, overall stone clearance rate was 88% (95% confidence interval [95% CI] 85%-91%). 40 The estimated overall adverse event rate was 7% (95% CI 6%-9%). The estimated rates of pancreatitis, cholangitis, perforation, and other adverse events were 2% (95% CI 2%-3%), 4% (95% CI 3%-5%), 1% (95% CI 1%-2%), and 3% (95% CI 2%-4%), respectively. The estimated rate of severe adverse events was 1% (95% CI 1%-2%).
A retrospective study of 407 patients who underwent POC for difficult biliary stones at 22 tertiary centers in the USA, UK, or Korea showed 306 patients who underwent EHL and 101 (24.8%) who underwent laser lithotripsy. 41 Mean procedure time was longer in the EHL group (73.9 min) than in the laser lithotripsy group (49.9 min; P < 0.001). Ducts were completely cleared (technical success) in 97.3% of patients (96.7% of patients with EHL vs 99% patients with laser lithotripsy (P = 0.31). Ducts were cleared in a single session in 77.4% of patients (74.5% by EHL and 86.1% by laser lithotripsy (P = 0.20). Electrohydraulic or laser lithotripsy failed in 11 patients (2.7%), and eight patients were treated by surgery. Adverse events occurred in 3.7% of patients, and the stone was incompletely removed from 6.6% of patients. In multivariable analysis, difficult anatomy or cannulation (duodenal diverticula or altered anatomy) correlated with technical failure (odds ratio, 5.18; 95% CI, 1.26-21.2 (P = 0.02). Procedure time increased odds of more than one session of POC electrohydraulic or laser lithotripsy (odds ratio, 1.02; 95% CI, 1.01-1.03; P < 0.001). The authors concluded that POC with electrohydraulic or laser lithotripsy was effective and safe in more than 95% of patients with difficult biliary stones. Fewer than 5% of patients required additional treatment with surgery and/or extracorporeal shock-wave lithotripsy to clear the duct.
Buxbaum et al. randomized patients with bile duct stones >1 cm in diameter in a 2:1 ratio to cholangioscopy-guided laser lithotripsy versus conventional therapy only (EPLBD and ML) in a total of 42 patients. 42 Conventional therapies such as ML or EPLBD were also allowed in the laser lithotripsy group. Endoscopic clearance was achieved in 39 (93%) of 42 patients treated with cholangioscopy-guided laser lithotripsy and in 12 (67%) of 18 treated with conventional therapy only (P = 0.009). The nine patients in whom ERCP was unsuccessful underwent surgical common duct exploration with stone removal. Mean procedure time was 120.7 AE 40.2 min for the cholangioscopy-guided laser lithotripsy group compared with 81.2 AE 49.3 min for the conventional therapy group (P = 0.0008). There was no significant difference in fluoroscopy time, number of procedures, or adverse events such as cholangitis (cholangioscopy, 2; conventional, 1) and post-ERCP pancreatitis (cholangioscopy, 2; conventional, 1). The authors concluded that cholangioscopy-guided laser lithotripsy increases the incidence of endoscopic clearance of large bile duct stones and decreases the need for surgery compared with conventional therapy alone. However, it is associated with longer procedure times.
In a recent prospective single-center study, consecutive patients with complicated biliary stones, defined as impacted stones >1.5 cm in size and wider than the more distal common bile duct, or stones that failed extraction by basket mechanical lithotripsy, underwent ERCP and SpyGlass DS peroral cholangioscope (Boston Scientific)-guided laser lithotripsy. 43 Seventeen patients with a median biliary stone size of 2 cm underwent holmium : yttriumaluminum-garnet laser lithotripsy, achieving a 94% stone clearance rate over one median procedure. Lithotripsy was carried out in eight of 17 patients as a result of an impacted biliary stone. The remaining patients underwent lithotripsy because of prior failure of the basket mechanical lithotripter to capture or crush their stones. Post-lithotripsy, two patients developed cholangitis and one patient with underlying chronic obstructive pulmonary disease (COPD) developed respiratory distress, but all resolved with conservative management. There were no hemobilia, perforations, pancreatitis nor any deaths. This suggests that cholangioscopy with LL for difficult CBD stones is efficient and safe.
BILIARY STENTING

S
TUDIES HAVE SHOWN that single-stage endoscopic stone removal did not increase the incidence of complications associated with ERCP and was effective for reducing hospital stay and number of ERCP attempts. 44 However, in 10-15% of cases, stone removal may not be possible as a result of increasing age, large or multiple CBD stones and distal CBD strictures. In such cases, elective stent change or permanent stent placement may be an option. Mohammed et al. retrospectively reviewed 674 patients from a single center of whom 45 cases either had elective stent changes (28 cases) or permanent stenting (17 cases). Nine of 17 patients in the permanent stenting group presented with blocked stent and five were blocked within 12 months. In the elective stent change groups, only one of 28 presented with a blocked stent. The authors concluded that stenting as the long-term management of CBD stones might benefit patients with a relatively short lifespan. 45 Several studies have suggested that transient plastic stent placement may lead to a reduction in the size of stones and, hence, make it possible for complete stone removal at subsequent ERCP. [46] [47] [48] [49] In large CBD stones where extraction was not possible and plastic stent drainage was thought to be inadequate, such as in cases of distal CBD stricture, Garcia-Cano et al. evaluated the use of fully covered self-expanding metal biliary stents (FCSEMS). 50 They concluded that successful biliary drainage could be achieved in 100% of 29 cases. FCSEMS were removed after a median of 199.5 days in 16 cases (rest were deemed to unfit for repeat procedure) of which 93.7% could have a complete stone extraction. Hence, in selected cases, a FCSEMS may provide excellent biliary drainage, but this is offset by the high cost of these stents.
The authors propose an algorithm for the management of large bile duct stones (Fig. 2) incorporating the latest technology and research findings.
CONCLUSION
M AJORITY OF CBD stones can be removed by ES and BT. However, stones larger than 15 mm may require additional treatments such as EPLBD. ML may be helpful in retrieving stones up to 3 cm in size. However, if the CBD stone is >3 cm or if the stone to CBD diameter ratio is >1.0, then cholangioscopy with EHL or LL is likely to be better at stone extraction than ML alone. If cholangioscopy is not available, then plastic stenting after ML followed by an interval ERCP may help CBD stone clearance.
CONFLICTS OF INTEREST
A UTHORS DECLARE NO conflicts of interest for this article. Figure 2 Proposed algorithm for management of large bile duct stones. CBD, common bile duct, EHL, electrohydraulic lithotripsy; EPLBD, endoscopic papillary large balloon dilatation; ES, endoscopic sphincterotomy; LL, laser lithotripsy; ML, mechanical lithotripsy.
